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ABSTRACT

APPLICATION OF THE LOW LEVEL WIND TURBULENCE
SPECTRUM TO THE BALLISTIC MISSILE PROBLEM WITH
THE AID OF TAYLOR'S HYPOTHESIS IS DISCUSSED.
RESULTS OF CROSS-SPECTRAL ANALYSIS ARE DISCUSSED
WITH REFERENCE TO PREDICTING THE WIND AT THE
LAUNCHER FROM A SENSOR AT SOME POINT IN SPACE AWAY
FROM THE LAUNCHER. EXAMPLES OF SPECTRAL AND CROSS~
SPECTRAL ESTIMATES ARE PRESENTED.
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FINTRODUCTION

THE PROBLEM OF OBTAINING THE BEST POSS IBLE MEASUREMENT OF THE LOW LEVEL
WIND FOR BALLISTIC MISSILE APPLICATION HAS NOT BEEN RESOLVED TO THE SATIS~
FACTION OF EITHER THE METEORCLOG!ST OR THE BALLISTICIAN. THIS WIND PROBLEM
IS SEPARATED INTO TWO AREAS, THE PRESHOOT LAUNCHER SETTING FOR WIND EFFECT
AND THE POST LAUNCH ANALYSiS OF THE M1SSILE TRAJECTORY AND IMPACT.

THE LOW LEVEL WIND MEASUREMENTS ARE TAKEN WITH TOWER MOUNTED SENSORS
AND/OR BALLOONS. THESE SENSORS ARE LOCATED FROM 50 To 2,000 FEEY FROM THE
MISSILE LAUNCHER.

PRESENT METHODS COF ESTIMATING THE BALLISTIC WIND UTILIZE SHORT PERIOD
(1.€.. INSTANTANEOUS TO ABOUT ONE-MINUTE AVERAGES) WIND DATA PRIOR To AND
AT LAUNCH TIME, MORE ACCURATE PRE-LAUNCH ESTIMATES OF LAUNCH TIME WIND
AND MISSILE DISPERSION PATTERNS CAN BE MADE BY CONS IDERING MORE STABLE ESTI-
MATES OF MEAN WiIND (1.E., 10- TO 60-MINUTE AVERAGES), AND ALSO ANALYZING THE
WIND DATA TO OBTAIN SPECTRAL AND CROSS-SPECTRAL CHARACTERISTICS OF THE
TURBULENT WIND FIELD,
D1SCUSS ION

TULERIAN TIME CORRELATION CONSIDERS VELOCITY FLUCTUATIONS AT A FIXED
POINT WITH RESPECT TO TIME. EULERIAN SPACE CORRELATION CONS IDERS S IMULTA-
NEOUS VALUES OF VELOCITY FLUCTUATIONS AT TWO OR MORE POINTS IN SPACE WITH
RESPECT TO THE DISTANCE BETWEEN THE POINTS.

NEARLY ALL WIND MEASUREMENTS ARE OF THE EULERIAN-TIME FORM, BUT WIND
FLUCTUATIONS, AS: THEY AFFECT MISSILES IN FLIGHT, ARE OF THE EULER I AN=SPACE
FORM, 1.E., TURBULENCE DESCRIBED IN FORMS OF WAVE LENGTH OR WAVE NUMBER IN
AN EFFECTIVELY FROZEN ATMOSPHERE. TO RESOLVE THIS WE USE G. I, TayLor's
HYPOTHES IS (REF. 1), WHICH TRANSFORMS A TIME SERIES INTO A SPACE SERIES.
THE HYPOTHESIS 1s: "IF U, THE COMPONENT AT A FIXED POINT OF TURBULENCE
MOTION IN THE DIRECTION OF THE MAIN STREAM N A WIND TUNNEL, IS RESOLVED
INTO HARMONIC COMPONENTS,THE MEAN VALUE OF U2 MAY BE REGARDED AS BEING THE
SUM OF CONTRIBUTIONS FROM ALL FREQUENCIES. |F u2F(n) on IS THE CONTRIBU=-
TioN FROM FREQUENCIES BETWEEN Ti AND 11 + OIl, THEN

f F(n) onn = 1 (1)
o]

"lr F(n) 1S PLOTTED AGAINST T, THE DIAGRAM SO PRODUCED IS A FORM OF
THE SPECTRUM CURVE . mcceea-



"IT iS CLEAR THAT WHEN THE EDDIES ARE LARGE THE CORRELATION Rx BETWEEN
SIMULTANEOUS VALUES OF U AT DISTANCE X APART MUST FALL AWAY WITH INCREASING
X MORE SLOWLY THAN WHEN EDDIES ARE SMALL. ONE MAY THEREFORE ANTICIPATE
THAT WHEN THE (RX, X) CURVE HAS A SMALL SPREAD IN THE X CO-ORDINATE THE F(T1)
CURVE WIiLL EXTEND TO LARGE VALUES OF Il OR VICE VERSA.

'”F THE VELOCITY OF THE AIR STREAM WHICH CARRIES THE EDOIES IS VERY
MUCH GREATER THAN THE TURBULENT VELOCITY, ONE MAY ASSUME THAT THE SEQUENCE
OF CHANGES IN U AT THE FIXED POINT ARE SIMPLY DUE TO THE PASSAGE OF AN
UNCHANG ING PATTERN OF TURBULENT MOTION OVER THE POINT, [I.E., ONE MAY ASSUME
THAT

oo e =o(5), (1)

WHERE X IS MEASURED UPSTREAM AT TIME T = 0 FROM THE FIXED POINT WHERE U IS
MEASURED. IN THE LIMIT WHEN U/U —3 o (7) 1S CERTAINLY TRUE. ASSUMING
> THAT (7) 1s sTitL TRUE WHEN U/U IS SMALL BUT NOT ZERO, RX 1S DEFINED AS

¢ (T) 0<T+ ﬁ-\>

— 8y
= ®)

Rx =

’ U = MEAN WIND STREAM VELOCITY,

FROM THIS IS DERIVED THE RELATIONSHIP

p :
Rx = o(T)¢'\T+—G'>

o
=J/\ F(n) cos g!%lﬁ on

2
v

AND USING THE FOURIER INTEGRAL THEOREM THE FOLLOWING EQUATION IS FOUND FOR
F(n)

| i u
Fln) = — f Rx cos 2 0 X py
u o) U

THus IF F(N) 1S KNOWN Rx MAY BE CALCULATED OR VICE VERSA,

w TAYLOR'S HYPOTHESIS HAS BEEN PROVEN EXPERIMENTALLY IN WIND TUNNELS,




OTHER CXPERIMENTS HAVE DEMONSTRATED THAT THE HYPOTHESIS x = UT HOLDS TRUE

IN THE ATMOSPHERE FOR WAVELENGTHS OF LESS THAN 1,000 reeT (Ref. 2, 3, 4, 5).
SUFFICIENT EXPERIMENTS HAVE NOT BEEN MADE TO VERIFY THE HYPOTHESIS FOR
WAVELENGTHS IN EXCESS oF 1,000 FEET IN THE ATMOSPHERE.

POWER SPECTRAL ESTIMATES

CRi

TURBULENCE STRUCTURE

IN RECENT YEARS CONS IDERABLE WORK HAS BEEN DONE ON THE EVALUATION OF
THE POWER SPECTRAL ESTIMATES OF THE TURBULENT WIND FIELD AT A SINGLE POINT,
SINCE THIS CAN BE TRANSFORMED INTO SPACE SPECTRAL ESTIMATES BY TAYLOR's
HYPOTHES IS, THE SPECTRAL ESTIMATES OF TIME SERIES SHALL BE DISCUSSED FIRST,
IN ALL FOLLOWING EXAMPLES THE CRITERION OF u/U BEING SMALL 15 APPROXIMATELY
MET, 1.E., GUSTINESS RaTIO (9 Uu/U) < 0.3.

Huss anp BusHNELL (REF. 6) CALCULATED THE POWER SPECTRUM "=-=- BY
FINDING THE VARIANCE OF VELOCITY 02(, J) AS A FUNCTION OF | AND 4, TWO
LENGTHS OF TIME INTERVALS, AND THEN DIViIDING BY THE CORRESPONDING BANDWIDTH

1 - 1
F§T— 57 | AND FINALLY ASSIGNING THE RESULT TO THE MIDFREQUENCY

THE VARIANCES WERE FOUND FROM THE RELATION

2 2 _
Gre) = TG T R

L = FUNDAMENTAL SAMPLE PERIOD,

SPECTRAL ESTIMATES MAY BE NORMALIZED BY DIVIDING BY THE SQUARE OF THE
MEAN WIND SPEED.

FIGURES 1 AND 2 ARE S™ECTRAL ESTIMATES OF THE WIND 15 reeT ano 180 rFeev
ABOVE THE SURFACE ** WHITE SANDS MissILE RANGE COMPUTED USING THE METHOD
DESCRIBED BY HuSS ~..0 BUSHNELL.
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POWER SPECTRAL ESTIMATES F(n) ARE ALSO OBTAINED BY USE OF THE AUTO-
COVAR IANCE FUNCTION (RK):

AND THE FOURIER TRANSFORMATION (ReF. 7, 8, 9):

M-
F =1[_1_(R+R)+ Z R]
M) " mLZT Yo’ ™ K
K =1
M-1
F .2_{ 1 R + (-1 )pR + Z R cos X KN'
(nK)_ M (2 o M K
K = 1

M=
roe b {5 [ 0" e e § o v}

= 1

x

WHERE
K 1S THE LAG NUMBER,
M IS THE MAXIMUM LAG NUMBER USED,

N 1S THE SAMPLE SIZE,




X 1S THE INDIVIDUAL DEVIATION FROM A MEAN,
NI IS FREQUENCY DETERMINED BY CHOICE OF K,

THE BANDWIDTH IS GIVEN BY THE EQUATION

AND THE CENTER FREQUENCY IS GIVEN BY

¢ ML T

WHERE & T 1S THE OBSERVATIONAL INTERVAL. THE SPECTRAL ESTIMATES ARE THEN
SMOOTHED BY A WEIGHTED MOV ING AVERAGE.

PaNOFskY AND DerLanp (REF. 10) FouND FROM SPECTRAL ANALYSIS OF WIND
DATA AT BROOKHAVEN, LoNGg IsLAND, ano O'Neiri, NEBRASKA, THAT, "THE SPECTRUM
OF LATERAL VELOCITY COMPONENTS CAN BE DIVIDED MOST CLEARLY INTO LOW=-FREQUENCY
CONVECTIVE AND HIGH-FREQUENCY MECHANICAL PORTIONS. THE CONVECTIVE PORTION
1S ALMOST ENTIRELY A FUMCTION OF LAPSE RATE OR SHORT=WAVE RADIATION, WITH
A TENDENCY TO INCREASE WITH HEIGHT, IT IS ESSENTIALLY INDEPENDENT OF WIND
SPEED AND GROUND ROUGHNESS. THE MECHANICAL PORTION, ON THE OTHER HAND, IS
SENSITIVE TO GROUND ROUGHNESS AND !NDEPENDENT OF STABILITY, AND TENDS TO
DECREASE WITH HEIGHT., SINCE THE CONVECTIVE PART OF THE SPECTRUM CAN BE
LARGE AT DAYTIME, THE TOTAL VARIANCE OF LATERAL VELOCITY SHOWS A TREMENDOUS
D IURNAL VARIATION,

"THE PROPERTIES OF THE SPECTRUM OF THE LONGIiTUDINAL WIND COMPONENT
ARE SIMILAR TO THOSE OF THE LATERAL COMPONENT. HOWEVER, THE LOW=FREQUENCY
PORTION OF THE SPECTRUM IS CONSIDERABLE EVEN IN STABLE AiR, SHOWING THAT
THE LARGEST EDDIES AT NIGHT ARE ELONGATED ALONG THE WIND." FIGURE 3 (s A
SCHEMATIC PRESENTATION OF SPECTRA AT O'NeiLL. CraMerR (ReF. 11) HAS FounD
THAT THE MECHANICAL TURBULENCE, I.E.,FREQUENCIES HIGHER THAN 1 cy/MIN,
DEPENDS PRIMARILY ON THE SQUARE OF THE MEAN WIND SPEED. CONVECTIVE TURBUL=
LENCE, |.E., FREQUENCIES LOWER THAN 1 CY/MIN, DEPENDS UPON THE MEAN WIND
SPEED AND THERMAL STRATIFICATION. HE ALSO FOUND, AS THEY DID AT BROOKHAVEN,
(REF. 12) THAT THE MAGNITUDE OR STANDARD DEVIATION OF THE FLUCTUATIONS OF
THE WIND DIRECTION IS A GOOD INDICATOR OF THERMAL STRATIFICATION AND, THERE=-
FORE, 1S A GOOD PREDICTOR OF CONVECTIVE TURBULENCE SPECTRA.

IN THE ATMOSPHERIC TURBULENCE THERE S NO LOWER FREQUENCY LIMIT SO
PRACTICAL LOW FREQUENCY LIMITS MUST BE SELECTED. A LOGICAL CUTOFF VALUE
WOULD BE BETWEEN THE CONVECTIVE TURBULENCE AND THE OIURNAL VARIATIONS WHERE
THERE 1S A MARKED DECREASE IN THE SPECTRAL ENERGY, THIS DECREASE, OR GAP,
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OCCURS IN THE FREQUENCY RANGE OF 1 TO 2 CYCLES PER HOUR AS INDICATED IN
Figure 4 (Rer. 13). FREQUENCIES LOWER THAN THOSE PRODUCED FROM CONVECTIVE
ENERGY WILL NOT BE CONSIDERED IN THIS PAPER,

CORRELATION OF WIND

BEFWEEN TWO POINTS

AR

CROSS=SPECTRAL ANALYSIS DETERMINES THE CORRELATION OF VARIOUS FREQUEN-
CIES BETWEEN TWO TIME SERIES AND IS COMPOSED OF TWO PARTS, THE COSPECTRUM
AND THE QUADRATURE SPECTRUM, THE COSPECTRUM PORTION CONS{DERS THE SIMULTA-
NEOUS RELATIONS BETWEEN TWO SERIES AND THE QUADRATURE SPECTRUM CONSIDERS
THE RELATIONSHIP BETWEEN TWO SERIES WHEN ONE IS OUT OF PHASE BY A QUARTER

PERIOD,

THE COHERENCE FUNCTION, WHICH IS ANALOGOUS TO THE SQUARE OF THE COR-
RELATION COEFFICIENT, EVALUATES THE RELATIONSHIP BETWEEN TWO TIME SERIES
FOR VARIOUS FREQUENCIES AND IS DEFINED BY

WHERE

C(n) IS THE COSPECTRUM BETWEEN THE TWO TIME SERIES X AND Y AND

Q .

(n) Is THE QUADRATURE SPECTRUM BETWEEN THE SAME TwO SERIES. FOR
COMPUTAT IONAL PROCEDURES OF THE CROSS SPECTRUM SEE REFERENCEsS 5, 8, 9, or
10.

BROOKHAVEN HAS APPLIED THE CROSS-SPECTRAL EQUATIONS TO WIND PROFILE
PREDICTION TECHNIQUES (REF. 14-17) usine THE 75-, 150- anD 300-FOOT LEVELS
ON ONE TOWER (ACE) AND THE 150-FOOT LEVEL ON A SECOND TOWER (KING) LOCATED
900 FEET AWAY FROM THE FIRST, TABLES | AND |l ARE COHERENCE VALUES COMPUTED
AT BROOKHAVEN (REF. 15) WHERE THE WIND WAS BLOWING DIRECTLY FROM ONE TOWER
TO THE OTHER,., BOTH RUNS WERE UNDER LAPSE CONDITIONS WITH THE AZIMUTH
FLUCTUATION RANGING FROM 15° To U45°,

(ConT. oN Page 13)
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TABLE 1

COHERENCE VALUES - HIGHER WIND SPEEDS
U 150*% FT = 6.55 M/Sec,U 150 r7 = 6.02 M/Sec,U 300 FT = 6.58 M/Sec

COHERENCE (AFTER SINGER)
FReQ {cY/HR) 150* - 150 150*% - 300 150 - 300 (FfT)

0 0.25937 0.15361 0.18454

5 0.77970 0.6406k4 0.75488
10 0.46451 0.57854 0.56491
15 0.38664 0.32281 0.38890
20 0.19913 0.18186 0.2u4469
25 0.19944 0.20020 0.32738
30 0.51674 0.21136 0.33861
35 0.41642 0.32838 0.38582
4o 0.25262 0.40498 0.278%0
45 0.09653 0.19290 0.20341
50 0.06619 0.08499 0.20543
55 0.0700%4 0.07251 0.12810
60 0.15204 0.07101 0.18397
80 0.13694 0.03565 0.04197
100 0.04159 0.05613 0.00115
120 0.16702 0.05615 0.03449
14o 0.07087 0.04435 0.07055
160 0.04970 0.02469 0.00059
180 0.02866 0.07614 0.08271

* KING TOWER,

1




——

waeie U

COHERENCE VALUES - LOWER WIND SPEEDS

U {50* 1 = 3.71 M/Sec,U 150 fT = 3.67 M/Sec U 300 T = 3.70 M/Sec

COHERENCE (AFTER SINGER)

FREQ (cv/an) 150* - 150 150% - 300 150 - 300 (f7)
0 0.32445 0.18109 0.27907
5 0.73456 0.61661 0.78931
10 0.57689 0.44867 0.51747

15 0.20045 0.04538 0.26880
20 0.22248 0.06281 0.27279
25 0.16161 0.07387 0.04009
30 0.06685 0.04097 0.00957
35 0.00713 0.15390 0.00204
4o 0,04656 0.12309 0.0040k4
g 0.17881 0.11434 0.00005
50 0.16562 0.07509 C.ON376
55 0.03171 0.0782k4 0.02927
60 0.05403 0.08705 0.01995
80 0.03207 0.11220 0.12661
100 0.05224 0.14466 0.09286
120 0.11845 0.09259 0.17874
140 0.09658 0.06787 0.12745
160 0.01974 . 0.02632 0.11042
180 0.00346 0. 0.00905

* King ToweR

12




Tae 111, aALSO ZXTRACTED FROM REFERENCE 15, CONSISTS OF COHERENCE VALUES
BETWEEN THREE LEVELS ON A SINGLE TOWER UNDER A NIGHTTIME (TEMPERATURE
INVERSION) CONDITION, THE DIRECTION TRACE FOR THIS RUN APPROXIMATES A

SMOOTH CURVE.

CrRAMER (REF. 5) ANALYZED THE DATA OBTAINED FROM PRpJECT PRAlRl:'GRAss
FOR CORRELATIONS OF THE U {DOWNWIND) AND V (CROSSWIND) FLUCTUATIONS OF THE
WIND AT A HEIGHT OF TWO METERS. HE DETERMINED THAT THE QUADRATURE SPECTRAL
ESTIMATES WERE NOT STATISTICALLY SIGNIFICANT AND SO COMPUTED THE CORRELA~-
Tions (Rc) BY THE EQUATION

2
C,

Refn) = )
(n P, F(n)2

FiGure 5 (CRAMER, REF. 5) PRESENTS CORRELATION COEFFICIENTS VS SEPARATION
DISTANCE FOR THE VARIOUS PERIODS GIVEN IN TABLE IV. THIS FIGURE REPRESENTS
SAMPLES WHERE THE WIND WAS BLOWING PARALLEL TO THE SENSOR ARRAY.

COHERENCE VALUES BETWEEN VARIOUS LEVELS ON THE WHITE SANDS METEOROLOG |-
CAL TOWER DURING DAYT!IME {LAPSE) CONDITIONS ARE PRZSENTED IN TABLE V. THE
POWER SPECTRA FOR THIS RUN ARE GIVEN IN FIGURES 1 anD 2,

SOME OTHER APPROACHES TO RELATE WIND MEASUREMENTS AT ONE POINT TO THOSE
AT ANOTHER POINT IN SPACE ARE DISCUSSED BY: HOWCRAFT AND SMITH (Rer. 18);
CRAMER, RECORD, AND VAuGHN (ReF. 19); LamBerTH anp Ve itH (Rer. 20); DursT
(REF. 21); ano Court (RerF., 22),

: APPLICATION OF WIND SPECTRA

INFORMATION TO BALLISTI!ICS

*

Zerozek (RerF. 23) AND THORsoN AND Boune (REF. 28) piscuss THE ouTeuT
POWER SPECTRUM OF AN AIRCRAFT OR MISSILE [Fu(Q)] As A FUNCTION OF THE
POWER SPECTRUM OF TURBULENCE [F(Q) ] AND THE AIRCRAFT FREQUENCY RESPONSE
FuncTion [T(R)].

THE OUTPUT SPECTRUM CAN BE CALCULATED BY THE RELATIONSH!P
Fy (2) = (T(2) P x F(9)
(ConT oN Page 17)
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TABLE 111

COHERENCE VALUES - TEMPERATURE INVERS ION CONDIT IONS

U 75 r7 = 3.4% M/Sec U 150 r7 = 6.33 M/Sec,U 300 FT = 9.01 M/Sec

FreQ

)
5
10
15
20
25
30
35
Yo
45
50
55
60
80
100
120
%o
160
180

CY/HR

COHERENCE

75 - 150
0.44598
0.60920
0.37815
0.17952
0.28390
0.13622
0.07008
0.14003
0.13978
0.09225
0.24533
0.08598
0.03975
0.00212
0.10833
0.06974
0.03137
0.02564

0.01070

(AFTER SINGER)

- 300
0.13006
0.17281
0.351%0
0.09043
0.06399
0.02686
0.00058
0.00111
0.00489
0.02359
0.12522
0.04293
0.04514
0.02632
0.11111
0.06579
0.02941
0.06410

0.029%1

150 - 300 (FT)

0.1484¢6
0.31483
0.35924
.15680
14721
.07647
.12540
.12700
.11364
-05435
.00106
-15396
.0140k4
.07168
.09259
.05625
10667
.02778
.09191

©c 0 O O O ©o O O O O O 0o o o o o

L




TABLE IV
CENTRAL FREQUENCIES FOR SELECTED LAG VALUES

K T = 1]'1? (sec)

1 128

2 6k

3 43

Y 32

5 26

6 21

8 16
10 12.8
12 10.7
1 8.5
20 6.4
24 5.3

CENTRAL FREQUENCIES OF FREQUENCY INTERVALS ASSOCIATED WITH SELECTED
VALUES OF K (LAG) USED IN OBTAINING SCALE ESTIMATES; FOR CONVIENIENCE,
DATA ARE INVERTED AND EXPRESSED IN TERMS OF PERIOD RATHER THAN FREQUENCY.,

15




TABLE V

COHERENCE VALUES DURING LAPSE CONDITIONS = WSMR

CoHERENCE (U COMPONENT)

K PERIOD (SsEC) 15 - 63 15 - 1 15 : 203 63 - 111 63 ; 203 (rT)
1 2lo . 7006 7334 2549 9173 . 7066
2 120 5871 .3781 1146 7517 .5531
3 8o 7257 .3762 -3522 6187 .3540
Y 60 L7463 .2596 5112 4579 5177
5 48 .3307 .0066 .1585 .1559 .3720
6 4o .2991 .0355 .0300 L0914 .0553
8 30 .0533 5162 RIIL) .3262 .0066
10 ol .0308 .5389 .0k23 .0029 .3072
12 20 .2638 .2560 .1863 .0962 .2250
16 15 .0053 .2938 .1622 .0260 1437
COHERENCE (Vv COMPONENT)
1 2ko .2200 L1547 2064 .9809 .9945
2 120 L0945 .0999 .0271 .8032 4794
3 8o .0281 .0468 .1488 .3229 .0318
Y 60 .2019 1410 .1107 .5752 .0853
5 48 .0801 .0230 B179 .3273 .0128
6 Lo .0586 .0900 .6101 2747 .0097
8 30 .0001 2164 -3395 .1626 .13%0
10 2l 1214 1675 .2121 .3859 57
12 20 .1556 .1995 .0229 .0335 2778
16 15 ol38 .0562 .1303 .0655 RIETAN

16




WHERE

Q = SPACE FREQUENCY OR WAVE NUMBER, FOR WIND FIELD CHARACTERISTICS
ALONG A HORIZONTAL PATH [F(8),2] CcuRvES MAY BE £STIMATED USING TAYLOR'S
HYPOTHES IS AND AVAILABLE F(n)’ n ] Curves.

APPROX IMATE [F(Q), 2 ] CURVES FOR A VERTICAL PATH MAY BE DIRECTLY
ESTIMATED FROM PILOT BALLOON WIND MEASUREMENTS,

WHEN THE ADMITTANCE FUNCTION, |.E., RESPONSE TO A PARTICULAR SPACE
FREQUENCY, OF A ROCKET IS KNOWN WE CAN DETERMINE THE BANDWIDTH OF THE
TURBULENCE SPECTRUM THAT W!ILL CAUSE THE MISSILE TO DEVIATE FROM ITS
EXPECTED TRAJECTORY. FOR EXAMPLE, SUPPOSE AN OVERDAMPED MISSILE WITH A
NATURAL WAVELENGTH OF 1,000 FEET IS FIRED HORIZONTALLY AND HAS AN ADMIT-
TANCE FUNCTION DESCRIBED BY FIGURE 6. USING THE TURBULENCE SPECTRAL VALUES
IN FIGURE 1 WITH THE ASSUMPTION THAT TAYLOR'S HYPOTHESIS HOLDS TRUE, AND
THE ADMITTANCE RAT!O VALUES IN FIGURE 6 WE OBTAIN AN EFFECTIVE SPECTRAL
curve [T(n), o ] as sEEN IN FIGURE 7. FROM THIS CURVE WE CAN DETERMINE
THE HIGHEST FREQUENCIES THAT AFFECT THE MISSILE DISPERSION PATTERN,
SMOOTH NG AND FILTERING TECHNIQUES MAY BE EMPLOYED TO ELIMINATE THE FRE=-
QUENC IES WHERE THE ENERGY LEVEL IS SO LOW THAT IT 18 INSIGNIFICANT.
SMOOTHING AND FILTERING OF DATA !S DIscussep By HoLtoway (Rer., 25).

SPACE SPECTRAL INFORMATION, WHEN INTRODUCED INTO BALLISTIC EQUATIONS,
WILL DESCRIBE THE EFFECT OF LOW LEVEL WIND ON THE DISPERSION PATTERN OF
MISSILE TRAJECTORIES, BALLISTIC EQUATIONS, USING THE TURBULENCE SPECTRA,
ARE BEING DEVELOPED By RacHELE (ReF. 26) anp WaLTER (Rer. 27).

WHEN A MISSILE (S TO BE LAUNT s LOW LEVEL WIND 1S MEASURED AT A
POINT OR POINTS IN SPACE SOME D 5 ‘E FROM THE LAUNCHER AND THE ANTICI-
FATED MISSILE PATH. THIS WIND [M"ORMAT!CN 1% USED TO CORRECT THE LAUNCHER
AZIMUTH AND ELEVATION FOR THE WIND EFFECTS AND IS ALSO USED FOR POST FIRING
ANALYS IS OF THE FLIGHT.

A METHOD OF PREDICTING THE INSTANTANEOUS WIND AT THE LAUNCHER FROM
SOME REMOTE POINT IS TO FILTER OUT ALL FREQUENCIES WHICH HAVE NO SIGNIFICANT
CORRELATION BETWEEN THE TWO POINTS WHILE RETAINING ALL OF THE FREQUENC IES
WITH SIGNIFICANT CORRELATION. THE COHERENCE FUNCTION, PREVIOUSLY DISCUSSED
IN TH!S REPORT, IS A MEASURE OF THE CORRELATION COEFFICIENT FOR ANY PARTIC-
ULAR FREQUENCY. WHEN THE COHERENCE VALUES ARE KNOWN FOR THE SEPARATION
DISTANCE BETWEEN THE SENSOR AND THE LAUNCHER THE UNCORRELATED HIGH FREQUEN-
CIES CAN THEN BE FILTERED OUT OF THE DATA BY USE OF A MOVING AVERAGE OF
PERIOD Tc'

A MOVING AVERAGE WILL FILTER OUT THE TURBULENCE DUE TO FREQUENC IES
HIGHER THAN 1/(21c). ForR ExAMPLE, FROM FIGURE 5 AND TABLE IV WE SEE THAT,

UNDER IDEAL DAYTIME CONDITIONS, AN AVERAGING TIME OF ABOUT 26 SECONDS IS
NECESSARY TO OBTAIN CORRELATIONS OF GREATER THAN 0.7 FOR A HORIZONTAL

, (ConT. on Page 21)
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SEPARATION DISTANCE ofF 50 FEET., TaBLES | aAND Il INDICATE THAT AN AVERAGING
TIME OF § To 10 MINUTES IS NECESSARY TO GET A RELIABLE ESTIMATE OF THE WIND
FOR A HORIZONTAL SEPARATION DISTANCE OF 1,000 FEET. THE COHERENCE FUNCTION
IS ALSO APPLICABLE TO ESTIMATE THE INSTANTANEOUS WIND IN A VERTICAL PATH.
TasLes | AND | INDICATE THAT AN AVERAGING TIME OF APPROXIMATELY 5 MINUTES
AT 150 FEET IS NECESSARY TO PREDICT THE WIND SPEED AT 300 FEET,

CONCLUS I ONS

IT 1S FELT THAT LOW LEVEL WIND PREDICTION SCHEMES FOR LAUNCH TIME
ESTIMATES OF IMPACT DISPERSION PATTERNS CAN BE IMPROVED OVER CURRENT METHODS
BY USE OF THE SPECTRAL AND CROSS-SPECTRAL ANALYSIS OF THE ATMOSPHERE.

SIMPLE AND PRACTICAL METHODS OF PREDICTING THE TURBULENCE FIELD FOR FIELD
USE HAVE BEEN DEVELOPED FOR PARTICULAR LOCATIONS AND CAN BE ADAPTED FOR
ANY LAUNCH SITE IN QUESTION. ' ‘
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